Unfavourable dietary habits, such as skipping breakfast are common among ethnic minority children 2 and may contribute to inequalities in cardiometabolic disease. We conducted a longitudinal follow-3 up of a subsample of the UK multi-ethnic Determinants of Adolescent Social well-being and Health 4 (DASH) cohort, which represents the main UK ethnic groups and is now aged 21-23 years. We aimed 5 to describe longitudinal patterns of dietary intake and investigate their impact on cardiometabolic risk 6 in young adulthood. Participants completed a dietary behaviours questionnaire and a 24-hr dietary 7 intake recall; anthropometry, blood pressure, total and HDL-cholesterol and HbA1c were measured. 8 The cohort consisted of 107 White British, 102 Black Caribbean, 132 Black African, 98 Indian, 111 9 Bangladeshi/Pakistani and 115 Other/Mixed ethnicity. Unhealthful dietary behaviours such as 10 skipping breakfast and low intakes of fruit and vegetables were common (56%, 57% and 63%, 11 respectively). Rates of skipping breakfast and low fruit and vegetable consumption were highest 12 among Black African and Black Caribbean participants. BMI and cholesterol levels at 21-23 years 13 were higher among those who regularly skipped breakfast at 11-13 years (BMI 1.41 (95% CI 0.57, 14 2.26) p=0.001; cholesterol 0.15 (95% CI -0.01, 0.31) p=0.063) and 21-23 years (BMI 1.05 (95% CI 15 0.22, 1.89) p=0.014; cholesterol 0.22 (95% CI 0.06, 0.37) p=0.007). Childhood breakfast skipping is 16 more common in certain ethnic groups and is associated with cardiometabolic risk factors in young 17 adulthood. Our findings highlight the importance of targeting interventions to improve dietary 18 behaviours such as breakfast consumption at specific population groups. 19 20 21
INTRODUCTION 22
Ethnic inequalities in a wide range of chronic diseases have been documented (1) , with risk factors 23 evident early in life (2) . Children and youth from ethnic minority groups are more likely to be 24 overweight or obese than White-European populations (3; 4) . The cardiometabolic risks associated with 25 obesity are well known, therefore it is not surprising that some ethnic minority populations suffer 26 disproportionately high rates of chronic diseases such as type 2 diabetes (T2D), hypertension and 27 coronary heart disease (CHD) (1; 5) . 28 Ethnic inequalities in obesity and chronic disease risk may be explained by differences in diet and 29 lifestyle. Differences in the nutritional composition of the diet are apparent; a recent cohort study of 30 children in the UK reported significantly higher energy, fat and sugar intakes among South Asians, 31 while Black Africans demonstrated lower intakes of fat and saturated fat but higher intakes of 32 carbohydrate, compared to White British (6) . Unfavourable dietary habits, such as regularly skipping 33 breakfast and consumption of sugar-sweetened fizzy drinks and fast foods, are also more common 34 among children and adolescents from some ethnic minority groups (7; 8; 9; 10) . The detrimental impact 35 of skipping breakfast, and fast food and fizzy drink consumption on childhood and adolescent health 36 has been documented through a number of cohort studies, which have shown that those who regularly 37 skip breakfast have an increased risk of obesity and detrimental cardiometabolic risk profiles (10; 11; 38 12) . Additionally, studies have shown that children who skip breakfast regularly have poorer quality 39 diets, particularly higher energy density, saturated fat and lower micronutrient intakes (13) . More 40 recently longitudinal studies have investigated the prevalence of these behaviours in young adulthood 41 and the detrimental impact of childhood behaviours on adult health (11; 14; 15) . Young adulthood is 42 recognised as an important transition period, with increasing responsibilities and the development of 43 independent health behaviours. The Australian Childhood Determinants of Adult Health (CDAH) 44 study found skipping breakfast in both childhood and young adulthood to be associated with larger 45 waist circumferences, higher fasting insulin, and higher total-and LDL-cholesterol concentrations 46 (11) , while in the US-based Project EAT socio-economic status was found to be a principal determinant 47 of increases in breakfast skipping between childhood and adulthood (15) . To date there have been no 48 longitudinal cohort studies to describe ethnic patterns in adolescent and young adult nutritional intake 49 and dietary behaviours, and to determine their longitudinal effects on body weight and 50 cardiometabolic risk factors. The 'DASH 10 years on' study is the first multi-ethnic cohort of young 51 adults in the UK and provides longitudinal follow-up data for a subset of the Determinants of 52 Adolescent Social well-being and Health (DASH) cohort, who are now young adults (21-23 years). 53 We aimed to describe longitudinal patterns of dietary intake in the multi-ethnic Determinants of 54 The quality of reporting in the 24-hour recall records was assessed using a scoring system developed 118 by the researchers. Seven components were identified as important to assess the quality of dietary 119 information (portion sizes, brand information, food description, cooking methods, recipe information, 120 beverage information, intake timings) and these were scored on a scale of 0-2, in which zero indicated 121 no information provided, 1 indicated incomplete information provided, and 2 indicated complete 122 information provided. The scores assigned to each category were totalled and a percentage calculated, 123 indicating the quality of dietary information obtained. For dietary recalls which did not include 124 categories such as composite or homemade dishes these categories were excluded when calculating 125 the diet quality percentage. To test the sensitivity of the protocol to assess the quality of the dietary 126 Body size, biological, and social measures 145 Height was measured without shoes, using portable stadiometers, to the nearest 0.1 cm. Weight was 146 measured in light clothing using Salter electronic scales, to the nearest 0.1 kg. Body Mass Index 147 (BMI) was derived as weight (kg)/height (m) 2 ; BMI>25 kg/m 2 was defined as overweight/obese.
148
Waist circumference (cm) was measured midway between the 10 th rib and the top of the iliac crest, 149 and 0.5 cm subtracted to correct for measurement over T-shirt or vest. The mean of two duplicate 150 measures was derived, with waist to height ratio calculated. Systolic blood pressure (sBP) was 151 measured using validated OMRON M5-1 instruments and appropriately sized cuffs, after sitting 152 quietly for a timed 5 minutes, with >1 minute between 3 subsequent readings. The mean of the second 153 and third readings was used in analysis. A 25 ml blood sample was taken by venepuncture for the 154 assessment of total and HDL cholesterol and glycated haemoglobin (HbA1c); lipids were analysed 155 using colour photometric assays on an automated clinical chemistry analyser (Siemens Advia 2400 156 analyser), HbA1c was analysed using HPLC (Premier 9210 analyser Other (mainly mixed ethnicity). The mean age of the cohort was 22.7 years, mean BMI 24.7 kg/m 2 , 200 39% were overweight or obese (BMI>25 kg/m 2 ), 24% were smokers and 47% were educated to 201 degree level. Rates of smoking were highest among White British (47%) and lowest among Black 202 African (11%) participants. Attainment of a university degree was highest among Black African 203 (58%) and lowest among Black Caribbean (34%) participants.
204
Dietary data, collected for 627 participants, are shown in Table 1 fibre intake was highest in the White British and Indian groups and was significantly higher than the 219 Black groups or the Pakistani/Bangladeshi participants. The Pakistani/Bangladeshi participants were 220 significantly more likely to have a low daily consumption of vegetables but there were no ethnic 221 differences in fruit consumption. 222 We examined longitudinal patterns in the diet behaviours; there were significant increases in the rates 223 of skipping breakfast (37 vs 56% p=0.035), low consumption of fruit (46 vs 57% p=0.024) and of 224 vegetables (57 vs 63% p=0.021) from 11-13 years to 21-23 years among the whole cohort ( Figure 1 ).
225
Age was associated with risk of unhealthful diet behaviours, independent of gender and ethnicity.
226
When they were 21-23 years old, individuals were more likely to skip breakfast (OR: 2.65 (95% CI 227 2.00, 3.50), p<0.001), have low consumption of fruit (OR: 1.39 (95% CI 1.08, 1.79), p=0.011), and 228 vegetables (OR: 1.28 (95% CI 0.99, 1.66), p=0.059) than when they were 11-13 years old, although 229 the association for low vegetable consumption did not reach statistical significance. After adjusting 230 for gender, ethnicity and educational attainment, skipping breakfast regularly at 11-13 years was a 231 significant determinant of skipping breakfast in young adulthood (OR: 2.36 (95% CI 1.62, 3.44), 232 p<0.001). Low fruit consumption and low vegetable consumption at 21-23 years were also significant 233 determinants of skipping breakfast at 21-23 years (Fruit: OR: 2.21 (95% CI 1.54, 3.18), p<0.001; 234 Vegetables: OR: 1.91 (95% CI 1.32, 2.76), p=0.001) but low fruit consumption and low vegetable 235 consumption at 11-13 years were not significant determinants of skipping breakfast in young 236 adulthood (Fruit: OR: 1.29 (95% CI 0.88, 1.88), p=0.190; Vegetables: OR: 1.32 (95% CI 0.91, 1.91), 237 p=0.150). Figure 1 The influence of the dietary behaviours during both adolescence and young adulthood on 248 cardiometabolic risk factors during young adulthood were investigated in multivariate analysis, 249 adjusting for gender, ethnicity, educational attainment, smoking, physical activity, energy and 250 saturated fat intake (Table 2) . Skipping breakfast at 11-13 years was a significant determinant of BMI 251 at 21-23 years (1.41 (95% CI 0.57, 2.26), p<0.001) as was skipping breakfast at 21-23 years, although 252 the effect was slightly attenuated in this age group (1.05 (95% CI 0.22, 1.89), p=0.014). Skipping 253 breakfast at both 11-13 years and 21-23 years were also important determinants of total cholesterol 254 levels (11-13 years: 0.15 (95% CI -0.01, 0.31), p=0.063; 21-23 years: 0.22 (95% CI 0.06, 0.37), 255 p=0.007). Low intake of fruit at 11-13 years was a significant determinant of waist to height ratio at 256 21-23 years (0.01 (95% CI 0.00, 0.03), p=0.034), and regular fizzy drink consumption at 11-13 years 257 was a significant determinant of systolic blood pressure at 21-23 years (1.77 (95% CI 0.12, 3.43), 258 p=0.036). 259 
Longitudinal associations between dietary behaviours and nutritional composition of the diet 260
The influence of the dietary behaviours during both adolescence and young adulthood on the 261 nutritional composition of the diet during young adulthood were investigated in multivariate analysis, 262 adjusting for gender, ethnicity, educational attainment, smoking and physical activity (Table 3) . 263 Skipping breakfast at both 11-13 years and 21-23 years were significant determinants of lower dietary 264 fibre intakes (11-13 years: -0.81 (95% CI -1.49, -0.12), p=0.022; 21-23 years: -1.33 (95% CI -2.01, -265 0.65), p<0.001), as were regular fizzy drink consumption at 11-13 years (-0.72 (95% CI -1.42, -0.02), 266 p=0.045), low fruit consumption at 21-23 years (-1.22 (95% CI -1.90, -0.54), p<0.001) and low 267 vegetable consumption at 21-23 years (-1.30 (95% CI -2.04, -0.56), p=0.001). Low fruit and vegetable 268 consumption at 21-23 years were also important determinants of higher saturated fat intakes (fruit: 269 0.89 (95% CI -0.01, 1.78), p=0.052; vegetables: 1.06 (95% CI 0.09, 2.02), p=0.032). We have undertaken a longitudinal assessment of nutritional intake and dietary behaviours and their 273 association with cardiometabolic risk factors among an ethnically diverse cohort of young adults in 274 the UK. In this work, we report the detrimental impact of childhood eating behaviours, such as 275 regularly skipping breakfast, on cardiometabolic risk factors in young adulthood. We have identified 276 an increasing prevalence, from childhood to young adulthood, of less healthy dietary behaviours.
277 Furthermore, we have described distinct ethnic patterns, such that skipping breakfast is most prevalent 278 among Black African and Caribbean groups.
279
The DASH cohort was recruited primarily to investigate ethnic determinants and patterns of health, 280 and through the collection of dietary data we have been able to explore potential predictors of 281 cardiometabolic risk in our young adults. In this study, we found the Black African and Caribbean 282 groups to have the highest body weights and BMIs, however waist circumference and waist to height region is usually more prevalent in South Asian populations (26) . The Black Africans exhibited low 288 total cholesterol and high HDL-cholesterol concentrations; these cardiometabolic risk differences 289 may be attributed to dietary differences, namely lower saturated fat, which was also apparent among 290 the Black African participants. Among the Indian participants HDL-cholesterol was lower.
291
Distinctions in nutritional intake were also evident for this group, namely higher intakes of fibre in 292 the Indian group. Ethnic differences in cardiometabolic risk factors have been extensively reported 293 and in general our data corroborate the literature. However, our categorisation of ethnicity, which is 294 more detailed than that which is often employed, highlights some differences between our findings Black Caribbean compared to Black West African adults have previously been described (19) , however 300 we did not find this in our participants, which is in agreement with Donin et al. who reported no 301 difference in sugar intake between Black Caribbean and Black African children in the CHASE study 302 (6) . Lower total cholesterol amongst Black Africans but not Black Caribbeans is in agreement with 303 findings from the CHASE study (2) , and may relate to lower saturated fat intake amongst Black 304 Africans but not Black Caribbeans; a finding that is consistent with that of the CHASE study.
305
Historically the African-Caribbean diet has been recognised for its low intake of saturated fat, which 306 has been proposed to contribute to the cardioprotective lipid profile that these ethnicities traditionally 307 exhibited (29; 30; 31) . However, dietary acculturation and 'Westernisation' of the diet results in 308 increasing fat intake, a change that is more apparent amongst Black Caribbean than Black African 309 communities (19) , which may explain why the total cholesterol concentration was only lower amongst 310 the Black African group. Lower HDL-cholesterol amongst South Asian populations has been 311 extensively reported in the literature (31; 32; 33) , and the nutritional profile that we identified is also 312 consistent with previous reports (29; 31; 32; 34) .
313
Unhealthy dietary behaviours were highly prevalent among our young adults. In agreement with other 314 longitudinal investigations we saw that adolescent breakfast skipping was predictive of the behaviour 315 in adulthood (11; 14) . In our study breakfast skipping was particularly prevalent amongst certain ethnic behaviours and specific ethnic groups that health promotion campaigns could target in aiming to 340 improve the nutritional intake of the diets of young people.
341
The limitations of our study warrant consideration. The size of the cohort subsample is relatively 342 small and we did not have statistical power to investigate longitudinal patterns by ethnic group 343 however, it is the first cohort study of young adults to specifically focus on ethnic determinants of 344 health and chronic disease risk. Furthermore, our study contributes to the very limited longitudinal 345 data on the role of adolescent diet on cardiometabolic risk in young adulthood and is the first such 346 study in the UK. We achieved a response rate of 97% in our follow-up, which is remarkably high; 347 this was achieved mainly through the use of social media, which allowed us to locate participants is a common issue in dietary data collection; we estimated under-reporting to affect 36% of our 356 recalls, which is comparable to other studies (36) . Importantly, under-reporting was not associated with 357 gender, ethnicity or educational attainment, suggesting there is no systematic bias in our dietary data. 358 We did not exclude under-reporters from our analyses; our reporting period was relatively short, and 359 we deemed low energy intakes to be plausible over a 24-hour period. In our dietary behaviours 360 questionnaire, which asked about daily portions of fruit and vegetables, we provided portion size 361 guidance to aid the participants in estimating their daily portions, however our guidance was not 362 exhaustive and did not focus on composite dishes such as soup, which may have led to inaccuracies 363 in reporting. We did not collect data on fizzy drink consumption at 21-23 years due to time restrictions 364 for our data collection visits; sugar sweetened beverages are receiving significant attention at present 365 due to their links with cardiometabolic risk; our data has not enabled us to look at longitudinal patterns 366 of consumption. Our dietary analysis is also limited to focusing on single nutrients and food groups 367 and does not consider interactions between these or reflect the complexity of dietary intake; dietary 368 pattern analysis would enable a better understanding of dietary interactions.
369
In conclusion, findings from this cohort of young adults representing the major ethnic groups of the 370 UK population demonstrate the detrimental effects of adolescent dietary behaviours, particularly 371 skipping breakfast on cardiometabolic risk factors. The results also show these behaviours to be 372 particularly prevalent amongst Black African and Caribbean ethnic groups. Our study highlights the 373 importance of targeting health promotion interventions to improve dietary behaviours such as 374 breakfast consumption at specific groups of young adults in the population. 
